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THE THREE BASIC AIMS of chemotherapeutic agents
for neoplastic diseases are to cure, to arrest, and to
palliate.7 No chemotherapeutic agent to date has
been found to cure any neoplastic disease. The cure

of cancer today rests with surgical or roentgen ther-
apy. Therefore, the agents to be discussed are either
arrestive or palliative. It must also be emphasized
that a given agent may arrest specific neoplasms and
yet be only palliative or even totally ineffective for
others. Similarly, agents ineffective when given in-
travenously may temporarily arrest some tumors
when used topically, intra-arterially or by other
modes of administration. The point of attack upon
the cancer cell has many approaches and the possi-
bilities of favorably altering these avenues of en-

trance into the intrinsic mechanism of neoplastic
cells may materially enhance the action of substances
which are currently ineffective.
The number of chemical agents which have shown

some activity against neoplastic diseases has in-
creased considerably in the past ten years. Few of
these agents have had extensive clinical trial. Studies
of many in animal experimentation have only re-

cently been completed and the clinical experience is
encouraging but certainly not conclusive. Of all the
compounds listed, nitrogen mustard (HN2), colchi-
cine, urethane, arsenic, the diamidines, antimony
and the endocrines are readily available. These and
the remaining substances are under active employ-
ment. These latter agents must remain in the inves-
tigative stage until the evidence gathered in patients
can be thoroughly evaluated for toxicity, effective-
ness and possible late, untoward reactions.
The agents have been grouped relative to their

alleged mode of action or origin to assist physicians
in gaining some insight for proper selection of the
substances in the management of some neoplastic
diseases (Table 1).

1. RADIOMIMETIC AGENTS

1. Nitrogen mustards: Beta-chloroethyl amines
(HN, and HN,). Over 600 congeners of methyl-bis
(Beta-cholorethyl) amine (HN2) have been pre-
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* The rapid appearance of many new chem-
ical substances which possess some antineoplas-
tic effects has created a complex problem for
the practicing physician. These agents which
have shown promise .in man and lower animals
are grouped according to their modes of ac-

tion. Each substance is discussed thoroughly
with regard to its structure, activity, and influ-
ence upon the neoplasms of man. Key refer-
ences are cited, and the practical value of each
chemical agent is defined. The proper methods
of administration of the compounds recom-

mended for use are carefully described. In
addition a section on agents whose therapeutic
value has been disproven is also included.

pared119,22,80,81 but none have been shown to pos-

sess any significant therapeutic advantage over HN2
or HN3.5 1,135,158 In many institutions, HN2 is ad-
ministered in doses of 0.1 mg. per kilogram of body
weight daily for three or four consecutive days in
strict adherence to the early recommendations con-

cerning its use.119' 22 The administration of the total
dose per kilogram of body weight in one single dose
is equally effective, simpler and less traumatic to the
patient since the nausea and vomiting following the
HN2 occurs only once and not three or four times
as with the divided dose schedule.14
The material is best given into the stream of a

rapid infusion of isotonic saline solution (Figure
1). The infusion should be started with a large bore
needle (No. 18) to ensure a constant full stream of
saline solution runnning rapidly when the HN2 is
injected into the stream through the rubber tubing
attached to the needle. The HN2 should be dissolved
in isotonic saline solution, 10 cc. per bottle (10 mg.),
reaspirated into a Luer-Lokg syringe and adminis-
tered as rapidly as possible after solution. A No. 18
needle permits rapid mixing, but the injection into
the saline infusion stream is best accomplished with
a No. 25 or No. 26 needle. This technique minimizes
or prevents thrombosis of the vein because the HN2
is well diluted by the large volume of the saline in-
fusion and does not irritate the vein.
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TABLE 1.-Agents Under Investlgdtion for the Treatment of
Neoplastlc Diseases

Figure 1.-A method of safe administration of agents
which otherwise might cause venous thromboses. No. 18
needles are employed for rapid infusion of sa,line solu-
tion and for solution and transfer of the chemical. The
smaller needle (No. 25 or No. 26) prevents too rapid
administration.

The toxic effects of HN2 are mainly those of de-
pression of the hematopoietic tissues.79 In patients
with normal hematopoiesis, doses of 0.3 mg. per
kilogram of body weight may be given at four- to
six-week intervals for four to six months since the
dearth of leukocytes is greatest 10 to 14 days fol-
lowing HN2 and usually the number of leukocytes
returns to normal within 20 to 25 days after admin-
istration.14 In patients with impaired hematopoietic
function, the intervals at which HN2 may be read-
ministered must be determined by frequent hemato-
logical study. It is advisable to count the leukocytes
and platelets three times each week and the erythro-
cytes weekly until the count returns to normal. Occa-
sional patients have pronounced sensitivity to HN2
characterized by extreme nausea and retching, gen-
eralized erythema, and exhaustion. A generalized
maculopapular eruption similar to that described by
Zanes170 has also been observed. A distinct condi-
tioned reflex develops in some patients so that nau-
sea and retching will occur prior to administration
if the HN2 is prepared in the presence of the patient.

Although the leukocyte count frequently falls to
and below 1,000 per cu. mm. of blood following the
repeated administration of HN2 intravenously, the

I. RADIOMIMETIC AGENTS

1. Nitrogen mustards: Beta-chloroethyl amines (HN2
and HN3)

2. Triethylene melamine: Trisethylene-imino-s-triazine
(TEM)

3. R-48: Beta-naphthyldi-2-chloroethyl amine
4. Hemi-sulfur mustard: 2-chloro-2'-hydroxydiethyl sul-

fide (HSM)
II. MITOTIC INHIBITORS

1. Colchicine
2. Podophyllin and Podophyllotoxin
3. Peltatins
4. Urethane: ethyl carbamate
5. Arsenic: Potassium arsenite (Fowler's solution)

III. SUBSTANCES TOXIC TO CELLS

1. GT-41: 1,4,dimethane sulfonoxy butane
2. Diamidines: Stilbamidine and Pentamidine
3. Alloxan: Mesoxyl urea
4. Antimony

IV. ANTIMETABOLITES

1. Folic acid antagonists: 4-amino pteroyl-glutamic and
aspartic acids

2. Adenine antagonist: 2,6-diaminopurine
3. Guanine antagonist: 8-azaguanine
4. Pyridoxine antagonist: desoxypyridoxine
5. Para-amino-benzoic acid (PABA)
6. Riboflavin inhibitor: galacto-riboflavin and iso-ribo-

flavin
7. Melanin antagonist: Mono-benzyl ether of hydroqui-

none

V. ENDOCRINE SUBSTANCES

1. Androgens: Testosterone propionate, methyltestoster-
one and methylandrostenediol (MAD)

2. Estrogens: Stilbestrol, estradiol and related com-
pounds

3. Progesterone
4. Corticotropin (ACTH)
5. Cortisone: 17-hydroxy-11-dehydrocorticosterone

(Compound E)
6. Para-hydroxy-propiophenone

VI. BIOLOGIC AND BACTERIAL PRODUCTS

1. Shear's polysaccharide
2. Lymphokentric and myelokentric acids
3. Rabies vaccine

VII. AGENTS OF RECENT INTEREST WHOSE EFFECTIVENESS HAS
NOT BEEN SUBSTANTIATED TO DATE

1. Krebiozen
2. ACS-Antireticular cytotoxic serum
3. K-R: Klyueva-Roskin vaccine
4. Chymotrypsin

original fears of fulminating infections during the
agranulocytic period have not been realized. The
thrombocytopenia, however, is of more serious con-
sequence. Patients may be permitted to be ambula-
tory with the leukocyte count fluctuating between
1,500 and 4,000 cu. mm. provided they are carefully
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and frequently observed, although antibiotics may
be deliberately withheld until definitely indicated.
If bleeding occurs, strenuous antihemorrhagic meas-
ures should be initiated.
A patient with a single initial node of Hodgkin's

disease without evidence of any other involvement is
best treated by wide surgical excision followed by
intensive irradiation of the area if there is any doubt
concerning total excision. Where more than a single
area is involved, x-ray therapy to the local sites in
combination with HN2 for the systemic involvement
is advisable. Like x-ray therapy, nitrogen mustard
will lose its original beneficial effect after repeated
employment. On the other hand, the initial admin-
istrations of nitrogen mustard occasionally may be
disappointing and subsequent doses prove effective.
so that it is not wise to forsake HN2 after the initial
courses until it is certain that the patient will not
respond to this agent. If a patient with a diagnosis
of Hodgkin's disease does not respond to either
x-ray or HN2, a careful reevaluation of the biopsy
material should be undertaken to substantiate the
diagnosis, particularly to exclude a malignant thy-
momiia.Y'" Nitrogen mustard is a useful adjunct to
radiotherapy of Hodgkin's disease and particularly
serviceable after irradiation has lost its effectiveness.
While this therapy does not prolong life over con-
ventional x-ray treatment, it reduces the require-
ments for radiation, the asymptomatic periods are
longer and the patient is more easily controlled.4"

Nitrogen mustard is effective for shorter periods
in lymphosarcoma (,lymphoblastic or lymphocytic
types' than in Hodgkin's disease. The clasmatocvtic
or primitive cell lymphosarcoma (reticulum cell sar-
coma) often does not respond to nitrogen mustard
but in an occasional case there may be pronounced
beniefit from this agent.

Patients with widespread mycosis fungoides are
often benefited by HN2 for periods of one to five
months but eventually the favorable response can
no longer be repeated. While the intravenous admin-
istration of HN., will favorably influence the course
of patients with lymphomata, it has failed com-
pletely in the treatment of other neoplasms except
possibly for some transient effects in bronchogenic
carcinoma.135' 14 Investigations upon the blood sup-
ply of tumors have revealed that many neoplasms
possess an increased arterial blood supply,"' in-
creased capillary permeability12 and a characteristic
vascular pattern upon arteriography.13 The intra-
arterial administration of HN2 leading directly to
localized mycosis fungoides lesions of the extremi-
ties results in prompt clearing of the involved areas.
The administration of HN2 intra-arterially directed
to the tumor site results in higher concentrations of
HN2 at the tumor site than can be attained safely by
the intravenous route' and has caused considerable

dissolution of many types of neoplasms unrelated to
the lymphoid series although in no instance were the
lesions completely eradicated. Temporary improve-
ment for months has been observed in approxi-
mately 30 per cent of patients with widespread, far-
advanced, visceral metastases involving the liver,
kidney and lung that were so treated.&' " Klopp and
his associates88 infused HN2 intra-arterially into
superficially located carcinomas of the head and
neck over periods of four to ten days and pro-
nounced regression of the neoplasms was noted. The
intra-arterial route of therapy is still in the investi-
gative stage but this approach presents many possi-
bilities for a direct attack upon tumor masses.

2. Triethylene melamine: Trisethylene- imiio - s -
triazinie (TEM). This compound is the result of in-
vestigations to find less distressing and less toxic
substances which exert mustard-like activity.'24 Tri-
ethylene melamine, abbreviated to TEM, is chem-
ically related to HN. by its transformation in the
body to form ethylene-imine rings which are consid-
ered the pharmacologically active group of both
TEM and HN."18 TEM can be administered both
parenterally and orally without immediate untoward
reaction, and in most instances without emesis al-
though nausea and anorexia are comlmoni comn-
plaints.1"" 82 The intravenous dosage is about
0.05 mg. per kilogram of body weight, the total sini-
gle dosage never to exceed 5 mg. Doses in excess of
0.25 mg. per kilogram of body weight intravenously
are lethal in man.'13" Orally the dose is 0.1 to 0.3
mg. per kilogram of body weight, and the material
is dispensed in 5 mg. tablets. The total oral daily
dose should not exceed one tablet (5 mg. : if larger
doses are contemplated. three to four days should
elapse between the doses.
The major toxic effects of TEM are essenitially

similar to those of the nitrogen mustards, the major
component of which is the depression of the hemato-
poietic system, resulting in leukopenia, thrombo-
cytopenia and, less often, anemia. As multiple doses
of TEM are cumulative, too frequent or excessive
administration of the material may result in toxic
effect beyond that generally anticipated.'-"" Leuko-
cyte and platelet counts three times each week and
erythrocyte counts weekly should be done to follow
the patient properly with this agent and to estimate
when therapy can be reinstituted.
The major advantage of TEM over HN., is the

oral route of administration and the decreased inci-
dence of nausea and vomiting. Although TEM may
produce pronounced changes in the course of pa-
tients with Hodgkin's disease, it is neither as effec-
tive nor as predictable as HN, in this disease.82'136'114
In patients with lymphosarcoma and chronic lym-
phatic leukemia, the effectiveness of TEM more
nearly approaches that of HN,. TEM is also of value
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in the treatment of chronic myelocytic leukemia and
mycosis fungoides 82 136. 114. 168,138, 126 It is of little
aid in the arrest or palliation of carcinomas.168' 126

3. R-48: Beta-naphthyldi-2-chloroethylamine. This
compound, which has been studied extensively in
Great Britain 56, 103,19 acts similarly to the nitrogen
mustards. R-48 is inactivated by light and for adults
is administered orally in divided doses for a total
of 300 to 400 mg. daily, never to exceed 600 mg.
per day. The dose for children is 100 mg. per day.
A maintenance dose is apparently difficult to estab-
lish. Seventeen patients treated with R-48 have been
reported."'-3 Five patients had Hodgkin's di'sease,
two reticulum cell sarcoma, two acute leukemia,
three chronic myeloid leukemia, four chronic lym-
phatic leukemia. and one polycythemia vera. Nausea
or gastric disturbances were slight or absent al-
though vomiting did occur in two patients. Hemor-
rhagic cystitis with dysuria was noted on two occa-
sions.1'"3 Protracted administration of R-48 might
inhibit ovulation or endometrial proliferation. There
were twvo instances of pronounced leukopenia in 11
courses of treatment in eight patients. Lymphocyto-
penia and thrombocytopenia occur. R-48 also acts
on primiiitive. granulocytic forms in the marrow. R-48
will cause transient responses in the lymphomata
with less niausea and vomiting than with HN2. The
best effects w-ere observed in chronic lymphatic leu-
keniia. Hematopoietic depression is the major toxic
complication. as with HN2, HN; and TEM.

4. Hemi-sjllu r mustard: 2-chloro-2'-hydroxydi-
ethyl sulfide (HSM). This compound is reported to
be one-thirteernth as toxic as HN.,.1' Intravenous ad-
miniistration in man was followed by nausea, vomit-
ing, malaise and weakness. Ten patients of 31 treated
with IISM were benefited.131 Eight of 13 patients
with ascites presumably from peritoneal carcino-
mlatosis showed a striking decrease in ascites forma-
tion for two to six months. There were no hemato-
logical changes with doses from 100 to 400 mg. re-
peated three or four times at one-day to four-day
intervals. Thromboses or phlebitis of the vein oc-
curred with each injection until the material was
given through plastic tubing passed proximally into
the vena cava from a peripheral site. Intention trem-
ors of hands and fingers, noted in nine patients, sub-
sided in one to two days after the last dose. Convul-
sions occurred in two patients.

11. MITOTIC INHIBITORS

1. Colchicinie. Neoplastic cells can be altered and
destroyed by colchicine but the doses required to
produce such changes induce toxic effects"' 128 94
which approach lethality. The regression of tumors
following colchicine is probably due in large part to
hemorrhages within the capillary blood supply98 but

many further studies in man must be completed to
evaluate colchicine properly.

2. Podophyllin and podophyllotoxin. Podophyl-
lin, a plant extract composed of resins, has been used
most effectively to remove condylomata acuminata
by topical application. Within a few hours after
podophyllin is painted upon the verrucous excres-
cences, degenerative changes in the area can be seen
and within a few days the lesion will shrivel and dis-
appear. Colchicine also acts topically like podophyl-
lin upon condyloma acuminata.51', MacCardle and
Perrault,"" investigating the action of podophyllin
and its active principle, podophyllotoxin,"9 1 0 ob-
served a neurological disturbance in fowl character-
ized chiefly by unsteady gait. Histological examina-
tion showed destruction of the cerebellar Purkinje
cells. Parenteral administration of these substances
in patients did not influence neoplastic disease favor-
ably.'30

3. Peltatins: Leiter, Downing, Hartwell and Shear913
further isolated a group of compounds from crude
podophyllin and then synthesized various related
congeners whose action simulated that of podoph-
yllotoxin. One group of related compounds, termed
peltatins, was investigated by Greenspan, Leiter and
Shear53 in mice transplanted with various neoplastic
diseases. These compounds produced specific altera-
tions in tumor cells which resembled those obtained
with colchicine. The chemical formulae of podoph-
yllotoxin and the peltatins are quite similar. Later
45 patients with various neoplastic diseases received
alpha-peltatin, 0.1 to 0.5 mg. per kilograin of body
weight intravenously. Although a few instances of
transient regressions of lesions were observed, they
occurred at dose levels which produced toxic re-
actions.52

4. Urethante: Ethyl carbamate. Interest in the car-
bamic esters was revived by the studies of Temple-
man and Sexton'55 who confirmed the growth-
suppressive findings of Lefevre.92 Soon thereafter
Haddow and Sexton57 demonstrated that ethyl car-
bamate (urethane) produced profound histological
changes in tumors in mice and rats. Urethane is
preferably given with meals in enteric-coated tablets,
in capsules or in liquid form. Parenteral administra-
tion remains experimental and cannot be recom-
mended.

Urethane is of value in the treatment of chronic
myelogenous leukemia with peripheral leukocyto-
sis.('; 71, 115 Doses of 1 to 4 gm. per day will result
in a fall in the peripheral leukocyte count in two to
four weeks, usually associated with generalized clin-
ical improvement in about one-third of the pati'f.rtts
so treated. A decrease in hepatosplenomegaly arid
lymphadenopathy are often observed although the
decrease is less than that which occurs with x-radia-
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tion or P32 therapy. The erythrocyte level usually
remains unchanged although occasionally it will fall
or, less often, rise. The platelet count is usually main-
tained.6 Urethane may serve as a useful therapeutic
agent in this disease in the absence of x-ray p32 or
GT-41.

Rundles reported benefit in nine of 16 patients
with widespread multiple myeloma who received one
or more courses of treatments.95' 127 The course of
treatment was for eight to ten weeks in total doses
of 120 to 290 grams in two months and repeated
during an 18-month period for a total amount of
1,850 grams. Within two to four weeks after therapy
was begun, skeletal pain and fever subsided, the
hematological condition improved and the content
of abnormal proteins in the serum became less or
disappeared. Recalcification of widespread skeletal
lesions has been observed in four to six months.127
Accessible areas of skeletal involvement are best
treated by x-radiation.
The exact mode of action of urethane upon neo-

plastic tissues is obscure but it has been reported
that it is rapidly and completely metabolized within
24 hours and that the rate of breakdown is slower
in tumor-bearing mice than in normal mice.106
Urethane is a hematopoietic depressant and pro-
tracted daily administration can result in marrow
hypoplasia with persistent leukopenia, thrombocyto-
penia and anemia. Gastric irritation with nausea and
vomiting are common complaints with oral admin-
istration, but these conditions disappear promptly
upon decrease in dosage or cessation of therapy.
Blood studies at least twice each week are necessary
for the proper control of therapy with this agent.
The depression of the bone marrow elements is re-
lieved slowly after cessation of therapy.

5. Arsenic: Potassium arsenite (Fowler's solu-
tion). Arsenic is employed most effectively as potas-
sium arsenite (Fowler's solution) in doses of 15 to
30 drops per day in the treatment of chronic myelog-
enous leukemia.42 Potassium arsenite inhibits mito-
sis at metaphase in a characteristic fashion similar
to that of urethane but different from that of HN2.5
Since protracted arsenical therapy is hematopoieti-
cally depressant and cumulative, frequent hemato-
logical examination is necessary when this agent is
employed.

111. SUBSTANCES TOXIC TO CELLS

1. GT-41: 1, 4, dimethane sullonoxy butane. Fol-
lowing the demonstration that some sulfonic acid
esters possessed radiomimetic activity,18' 58, 161 Gal-
ton44 reported the effectiveness of 1,4,dimethane sul-
fonoxy butane (GT-41) in myeloid leukemia. Three
patients with chronic myelogenous leukemia were
treated with 1,4,dimethane sulfonoxy butane, 8 mg.

per day for four weeks for a total dosage of 200 to
250 mg. In all cases there was rapid clinical im-
provement during which the appetite was regained
as well as strength, the enlarged spleen regressed in
size, the hemoglobin rose and there was an accel-
erated decrease in primitive granulocytic leukocytes
with an increase in mature forms in the peripheral
blood.44 GT-41 has been shown to reduce total leuko-
cyte count, almost exclusively at the expense of the
immature granulocytic forms. Accordingly, its clin-
ical value lies in the hypercellular forms of chronic
myelocytic leukemia. In the more ftulminant forms
of myelocytic leukemia with a preponderance of early
immature granulocytes, the anemia and thrombo-
cytopenia usually become progressively more severe
despite a decrease in the leukocyte count. The effec-
tive dosage is 25 mg. daily for three to six days, and
the decrease in leukocytes occurs within the next
seven to ten days. Excessive dosage results in hy.p-
pagsi f marrow with thrombocytopenia, ane-
mia and leukopienia which may be fatal. Mainte-
nance doses are difficult to establish.

2. Diamidines: Stilbamidine and Pentamidine.
Stilbamidines and Pentamidine® were introduced by
Snapper'41 as therapeutic agents for multiple mye-
loma. Many interesting reactions of- the diamidines
with cellular nucleic acids were observed.Y42 Clin-
ical trials even in massive doses afforded temporary
relief of bone pain in about half of the patients; the
ultimate course of the disease was unaltered.48' 59
The recommended course of parenteral therapy is
100 to 150 mg. every other day for 15 doses, re-
peated after a two-week rest interval, for a total of
4 to 6 grams over a period of four to five months.
Rapid intravenous administration may produce
hypotension, dyspnea, paresthesias and signs of im-
pending shock. Electrocardiograms may show pro-
nounced changes suggestive of myocardial ischemia
if the injection is too rapid.15

Approximately 25 to 50 per cent of patients re-
ceiving intramuscular or intravenous Stilbamidine
have paresthesias, and hypesthesias along the fifth
cranial nerve distribution during or shortly after
protracted treatment. These facial paresthesias have
persisted permanently in some patients.48 Pentami-
dine is claimed to cause facial neuropathologic
change and other toxic manifestations less often than
does Stilbamidine. Since x-irradiation and urethane
have shown much more favorable effects, the use of
these diamidines for multiple myeloma is limited.
Diamidines are not considered preferable to conven-
tional analgesics for the relief of pain and they are
more likely to cause untoward side reactions.

3. AUoxan: Mesoxyl urea. Brunschwig and Allen2'
originally treated a patient with an islet cell tumor
of the pancreas by intravenous administration of
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alloxan.34 Beneficial results with alleviation of fre-
quent hypoglycemic episodes in that one case led to
trials on other neoplasms and conditions with vary-
ing equivocal success.21' 153 Other investigators40
using alloxan intravenously in carcinoma of the
pancreas did not observe favorable changes.

4. Antimony: Antimony has been used previously
to influence the course of neoplastic diseases3 and
while the changes produced have not been dramatic,
some aIteration in the hematologic disorders have
been reported.97 More recently Rubinstein125 em-
ployed Neostibosang in the treatment of multiple
myeloma with equivocal results.
The mode of action of antimony as a growth-sup-

pressive is obscure but evidence indicates that it is
closely related to that of arsenic.51

IV. ANTIMETABOLITES

The biological function of many essential meta-
bolic substances may be antagonized by other com-
pounds with closely related chemical structures. This
antagonism between essential metabolites and their
structural analogs may be utilized to interrupt spe-
cific cellular functions. In this manner sulfanilamide
blocks the utilization of para-amino-benzoic acid by
some bacteria, and scurvy can be produced in guinea
pigs by the administration of gluco-ascorbic acid.
Similar alterations in normal cellular enzyme me-
tabolism may be produced by other vitamin ana-
logs.167

1. Folic acid antagonists. Of the metabolic antag-
onists which have undergone animal or clinical trial,
the 4-amino derivatives of folic acid have shown the
most pronounced effects upon neoplastic diseases.39
Three closely related substances, 4-amino pteroyl-
glutamic acid (Aminopterin®), 4-amino N'0 methyl
pteroyl-glutamic acid (A-methoptering) and 4-amino
pteroyl-aspartic acid (Amino-an-folg), have received
extensive trial in the leukemias in the past four
years. Aminopterin and A-methopterin have pro-
duced pronounced alterations in the hematopoietic
tissues with temporary remissions in 20 to 30 per
cent of children with lymphatic leukemia.36'37"145"157
The severe toxicity so frequently encountered with
small to moderate amounts of these antagonists often
necessitates discontinuance of the therapy.
The folic-acid antagonists are usually adminis-

tered orally or intramuscularly in doses determined
specifically for each patient. The usual dose of Am-
inopterin for children is 0.5 to 1.0 mg. daily; for
A-methopterin it is 2 to 5 mg. daily in children and
5 to 10 mg. in adults parenterally or by mouth. For
amino-an-fol it is 30 to 75 mg. per day intramuscu-
larly-the smaller doses for children, the larger for
adults. Adults tolerate Aminopterin less well than
children on the basis of body weight. The dosage usu-
ally is gradually reduced and continued until mani-

festation of toxicity appears. Clinical improvement
usually appears during the initial phases of the bone
marrow depression. Macrocytosis, megaloblastosis
and multilobulation of the neutrophils have been
observed with small doses during Aminopterin ther-
apy of leukemia in man and animals76' 156 and have
been attributed to the production of folic acid defi-
ciency.78 Hematopoietic depression of the blood and
marrow elements may progress to complete aplasia
if the dosage is not discontinued or promptly re-
duced. If therapy is protracted, other more systemic
toxic signs soon appear-ulcerations of the entire
gastrointestinal mucous membranes from the mouth
to the anus, associated with diarrhea, hemorrhage,
weakness and anorexia. Alopecia and skin eruptions
of many varieties may occur during therapy, but
these conditions are ameliorated when use of the
drug is discontinued.24
The acute signs and -symptoms of toxic reaction

to therapy with folic acid antagonists may be partly
ameliorated by the administration of folic acid, or
folinic acid (citrovorum factor). 143, 154, 166 Large
doses of these substances will completely override the
antagonist. In children the course of leukemia is most
often rapid, and approximately 90 per cent of cases
are of the lymphatic type.1' The natural history of
untreated lymphatic leukemia in children is charac-
terized by a variable course of two to 16 months
with an average of 5.6 months. Supportive therapy
with blood and antibiotics will increase the average
survival to 8.9 months. This is about equal to the
mean life span of children treated with hormones or
antagonists in addition to support with blood and
antibiotics."

In a four-year period, 311 patients with acute leu-
kemia were treated with folic acid antagonists by the
Farber group.38 Of these, 243 were treated for three
weeks or longer. Approximately two-thirds of the
243 are reported to have responded favorably to
these compounds. The mean survival of the 311
patients was calculated to be nine months. However,
of the patients treated for three weeks or longer, 58
or 18.6 per cent survived more than 12 months; 39
or 12.1 per cent survived more than 15 months; 26
or 8.3 per cent more than 18 months, and seven or
2.2 per cent more than 29 months. Of the seven who
lived more than 29 months, five were alive at the
time of report. With the exception of the five living
children, the remainder of 243 patients' treated for
three weeks or longer sooner or later reached a point
at which the folic acid antagonists were no longer
effective. The citrovorum factor had no value in the
prevention or treatment of toxicity which could not
be equalled by careful administration of the antag-
onists alone.

Farber and co-workers reemphasized that the re-
missions were temporary, that the compounds were
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toxic, that there was no evidence that would justify
the term "cure" of acute leukemia in children. and
that value of these compounds is still limited to re-
search. However, it must be considered that definite
prolongation of life occurred in some members of
the group treated. Both intermittent and continuous
administration of the antagonists have been em-
ployed and in some instances the addition of cortico-
tropin (ACTH) or cortisone to the regimen has been
of great aid as concerns the comfort of the patients,
and perhaps in further prolongation of life.69-1

2. Adenine anltagoniist: 2,6-diaminopurine. Bur-
chenal and co-workers23,"2 studied an adenine an-
tagonist, 2,6-diaminopurine, and found this com-
pound to prolong the life of leukemic mice. Clin-
ically, however, the drug was inconsistent in action
and ineffective when employed in patients with acute
leukemia.

3. Guaninle anitagoniist: 8-azaguaniine. Similarly
8-azaguanine (Guanazolo(i), a guanine antagonist,
was ineffective in clinical trials although it inhibited
a mammary carcinoma E0771 in mice.4' 8I This
compound when administered orally to patients with
various neoplastic diseases in doses of 50 to 100 mg.
per day for 10 to 14 consecutive days caused diar-
rhea and marked erythematous excoriations of the
skin.4
Combined treatment with Guanazolo plus Am-

inopterin, Guanazolo plus alpha-peltatin, and Amin-
opterin plus alpha-peltatin had an additive inhibi-
tory action upon a transplantable mouse leukemia
(lymphoma 1210), without extra toxicity.49 >¢' Com-
binations of 8-azaguanine with an antiriboflavin
compound or with stilbestrol caused tumor inhibi-
tion in mammary adenocarcinoma of mice.43 1:32

4. Pyridoxin e antagonist: Desoxypyridoxine. In
mice and rats, inhibition of growth of transplantable
tumors while the animals were receiving pyridoxine-
deficient diets was observed.7 The addition of de-
soxypyridoxine to the deficient diet slowed the
growth of a transplanted lymphosarcoma in mice.14";
Clinical trials in acute leukemia and lymphosar-
coma, however, were without favorable effect.4

5. Para-aminio-benzoic acid (PABA). Zarafonetis
and co-workers' 7' found that leukopenia occurred
following protracted administration of large doses
of para-amino-benzoic acid and that it was relieved
promptly upon cessation of therapy.'72 High content
of the drug in the blood can be maintained with
doses of 2 to 4 grams every two hours. Profound
and consistent but transient hematopoietic effects
were observed in chronic myelogenous leukemia
more frequently than in chronic lymphatic leukemia.

6. Riboflavini inhibitors: Galacto-riboflavin and
Iso-riboflavini. Galacto-riboflavin and Iso-riboflavin

will suppress the growth of some animiial tumors
on riboflavin-deficient diets both in vitro and in
vivo.35' 147

7. Melanin antagoniist: Mono - benzyl ether of
hydroquinione. Oliver and co-workersi' reported
the depigmenting properties of a compounid while
studying the cause of skin changes in workers from
a commercial rubber manufacturing plant. The
causative material, mono-benzyl ether of hydroqui-
none, interferes with the normal melanin metabol-
ism. Hence it was employed in investigations to
influence malignant melanomas. Kelly and co-work-
ers 15 treated nine patients with malignant mela-
noma with large oral doses of this substance. The
patients were closely observed and chemical and
cytologic studies of the blood and examiniation of
biopsy material were carried out frequently. No
significant or consistent favorable alteration of the
natural course of the disease was observed.

V. ENDOCRINE SUBSTANCES

Hormonal therapy of advanced mamninary cancer
is arrestive or palliative but not curative under any
conditions.54 107,1)33 Only five types of nieoplastic
disease are altered by hormonal therapy lesions of
the breast, prostate, uterus, lymphatic and hemato-
poietic systems. Roentgen therapy is most advan-
tageous for arrest or palliation when metastases are
localized and accessible yet beyond the scope of sur-
gical treatment.45 Hormonal therapy, is preferable
for widespread soft tissue, visceral or osseous metas-
tases.

Approximately 25 per cent of patients with ad-
vanced neoplastic involvement from carcinoma of
the breast will benefit objectively from therapy with
estrogenic or androgenic hormones.3) 107 Extensive
clinical experience has been attained with two andro-
gens. testosterone propionate and methyltestosterone,
and with six preparations of estrogens. diethylstil-
bestrol, ethinyl estradiol, estradiol dipropionate,
dienestrol, dimethyl ether of diethylstilbestrol and
Premarin.®) Postmenopausal women respond much
better to estrogens than premenopausal woment. and
the best results are obtained in patients who are
more than five years postmenopausal. The functional
state of the ovaries apparently has little effect on the
response to testosterone propionate. In the premeno-
pausal and menopausal patients, estrogens and an-
drogens are about equally effective in soft tissue
lesions resulting from carcinoma of the breast, but
in postmenopausal patients estrogens are superior to
testosterone propionate. Occasionally acceleration
of the disease occurs during hormonal therapy,
most frequently in the menopausal or premenopausal
patients receiving estrogens. Therefore, castration
(if not contraindicated) and androgens are the treat-
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TABLE 2.-Sterold Hormones of Value in the Treatment of Advanced Mammary Cancer

Dose schedule preferred Minimal
ANDROGENS: Route Mg. Daily Weekly total dose

Testosterone propionate- - Intramuscular 50-100 3 3 gm/3 mo.
Buccalet 40- 60 1 3-5 gm/3 mo.

,Methyltestosterone '. Oral 200 1 30 gm/6 mo.
Methylandrostenediol - ...... Intramuscular 100-200 3 4-7 gm/3 mo.

ESTROGENS:

Diethylstilbestrol - Oral 15 1 2-4 gm/3-6 mo.
Ethinyl estradiol - Oral 3 1 200 mg/3-6 mo.
Estradiol dipropionate - Intramuscular 5 2 200 mg/3-6 mo.
Dienestrol - Oral 15 1 4 gm/3-6 mo.
Dimethyl ether of diethylstilbestrol-Oral 30 1 4 gm/3-6 mo.
Premarin ---------------------- Oral 30 1 4 gm/3-6 mo.
TACE (tri-para-anisyl chloroethylene) Oral 24 1 Investigative stage:

to be determined

ments of choice for soft tissue lesions in the premeno-
pausal patient. Testosterone propionate is more ef-
fective than estrogens in relieving subjective bone
pain although there is little difference, objectively,
between the two steroids with respect to recalcifica-
tion of the osseous lesions.

1. Androgens: Testosterone propionate, methyl-
testosterone and methylandrostenediol (MAD). Tes-
tosterone propionate, 50 mg. three times each week,
intramuscularly, is as effective as the previously
recommended dosage of 100 mg. three times each
week. Daily, frequent dosage orally or by buccal
absorption may be employed as an adjunct to intra-
muscular administration but the equivalent dosage
must be absorbed, and this is usually more expen-
sive by the oral than by the parenteral route.30 107
Pellet implantation permits uniform absorption of an-
drogens or estrogens'6' 137 and in adequate amounts
will often suffice for two to three months. Hormonal
therapy should be continued until definite progres-
sion of the disease resumes. Cessation of therapy
may then cause another regression; and regression
may also occur if a change is made to another hor-
mone. The response to the hormones is temporary.
Each eventually becomes ineffective. Some investi-
gators feel, therefore, that the hormones should be
administered intermittently, preferably cyclically,
and that furthermore they should be employed spar- -

ingly to avoid premature exhaustion of the therapeu-
tic armamentarium. On the other hand other authori-
ties feel the hormones should be continued as long
as response is favorable.
Combined androgen and estrogen therapy in pa-

tients with advanced mammary cancer is at present
under trial but conclusions cannot yet be drawn.

Recently, Homburger and co-workers73 reported
favorably on the effects of methylandrostenediol, an
androgen said to exert the characteristic anabolic
activity of testosterone without the masculinizing
accompaniments.

Kasdon and co-workers83 reported subjective im-
provement in 30 of 40 patients with advanced mam-
mary cancer treated with methylandrostenediol
(MAD) administered orally, subcutaneously and by
pellet implantation. In nine of the 30 there was ob-
jective evidence of improvement. Hypercalcemia, the
only major side effect observed, occurred in three
patients with extensive osteolytic metastases. Sega-
loff and his associates'29 reported similar although
not so encouraging observations in 24 cases. Only
two of the patients, both with soft tissue lesions, had
objective regression of lesions after intramuscular
administration of 300 to 700 mg. of MAD per week.
There was no beneficial effect on metastases in any
patient in the series.
The dosage of this androgen is approximately

twice that of-testosterone propionate. There has been
less clinical experience with methylandrostenediol
than with the older testosterone preparations, but
results of recent clinical investigations with this non-
virilizing androgen are encouraging.

2. Estrogens. The first six estrogens listed in
Table 2 are considered to exert similar activity when
given in equivalent dosage. Frequently, however,
some preparations are better tolerated than others.
Also, a change from the oral to the parenteral route
of administration may significantly ameliorate the
undesirable side effects. The fact that patients with
metastatic mammary cancer respond similarly to
either estrogens or androgens suggests a common
metabolic utilization of these compounds.
More recently a new substance, Tri-para-anisyl-

chloroethylene (TACE), has been reported as a po-
tent estrogen without the undesirable feminizing side
effects. Its value in the treatment of advanced pros-
tatic cancer has been suggested'40' 152 but more clin-
ical confirmation is needed before TACE can be
recommended.

Patients with advanced carcinoma of the prostate
can be benefited by the administration of estro-
gens.60' 74 109 In a study of 100 consecutive cases of
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carcinoma of the prostate, Harrison and Poutasse60
found that the most effective hormonal treatment of
carcinoma of the prostate was orchiectomy com-
bined with estrogenic therapy. Seventy per cent of
patients with extensive carcinoma of the prostate
had symptomatic and objective improvement with
this form of therapy.

All known effective measures should be instituted
as soon as possible. It is desirable to reduce the
androgen predominance, and there is much contro-
versy as to whether castration, or estrogen adminis-
tration or both are the preferred courses of action.
In general it is felt that orchiectomy followed by
prolonged oral administration of 5 to 10 mg. daily
of stilbestrol or an equivalent estrogen is most effec-
tive. Since the psychological barrier of orchiectomy
often is difficult to overcome, many patients are
treated with estrogens alone, often with good results.
The estrogens may also be administered intramus-
cularly, or pellets may be implanted. Approximately
75 per cent of patients so treated show subjective
and often objective improvement as judged by sub-
sidence of pain, return of appetite, gain in weight
and strength, decrease in size and hardness of the
prostate, relief of urinary obstruction and roent-
genographic evidence of disappearance of metas-
tases to bones. Although the regressions are tempo-
rary, there is now evidence that definite prolonga-
tion of life has been achieved.
The toxic complications with estrogens-edema,

hypercalcemia, menorrhagia and metrorrhagia-are
related particularly to large doses given over long
periods. At least eleven instances of carcinoma of
the breast have occurred in men treated with estro-
gens for two or more years for carcinoma of the
prostate, although the association has been con-
tested.26 Castrodale, Bierbaum, Helvig and Mac-
Bryde27 noted pronounced hematological and hepatic
changes following prolonged administration of estra-
diol and stilbestrol in dogs, characterized primarily
by thrombopenia with fatal hemorrhages.

Frequently nausea and vomiting occur during es-
trogen therapy, and although these reactions may
abate after one to two weeks of therapy it is often
necessary to discontinue treatment because of them.
Reducing the dosage, substituting other estrogens or
changing to parenteral administration may alleviate
gastrointestinal distress.
The toxicity of androgens is evident after pro-

tracted administration and large dosage. In women,
masculinizing and other changes appear within a
few weeks-changes such as hirsutism, hoarseness,
increased firmness of the musculature, increased
libido, amenorrhea, water retention and hypercal-
cemia.30 Upon cessation of therapy these conditions
gradually subside. A salt-poor diet will often prevent
water retention.

3. Progesterone. Large doses of progesterone
(250 mg. daily) intramuscularly are reported by
Hertz67 to be associated with a decrease in size,
vascularity and friability of lesions of carcinoma of
the cervix. The changes are not sufficient, however,
to recommend progesterone as a therapeutic agent in
carcinoma of the cervix at this time.

4. Corticotropin (ACTH). The pituitary adreno-
corticotropic hormone is available in single sterile
ampules of 25 mg. The dosage varies widely depend-
ing upon the desired goal. Intramuscular doses of 50
to 200 mg. per day in two or three divided doses are
most commonly employed.121' 159 Intravenous ad-
ministration of corticotropin (20 mg. daily) is com-
parable to intramuscular administration of five to
ten times that amount and is therefore more econom-
ical.122 Slow infusion increases the adrenal cortical
response to a given dose of the hormone. The side
effects are analogous to those that occur when cor-
ticotropin or cortisone is administered by other
routes.

5. Cortisone: 17-hydroxy-li-dehydrocorticoster-
one (Compound E). Cortisone is the name coined by
Kendall to identify 17-hydroxy-11-dehydrocorticos-
terone, or "Kendall's Compound E.'1102 Cortisone
is considered a growth-suppressive.35' 62, 143 In some
cases of neoplastic diseases in which this material
was used there were definite although mostly subjec-
tive, slight and transient effects.66' 75, 116 The intra-
muscular dose ranges from 25 to 100 mg. per day,
usually given once or twice a day. Oral administra-
tion is equally effective in identical doses if taken
daily in three to four equally divided doses.160 Cor-
ticotropin and cortisone probably reduce the tissue
reaction to neoplasms with little or no favorable
effect on the cancerous process itself.'59
The effects and complications of corticotropin and

cortisone are identical as far as can be ascertained
today and are ascribable directly or otherwise to
their metabolic or endocrine functions.144' 159 It
should be emphasized that corticotropin causes
adrenal cortical hypertrophy and cortisone is associ-
ated with cortical atrophy. The unfavorable effects

. of corticotropin and cortisone occur with prolonged
administration of large doses and are identical with
the symptoms of hypercorticoidism (Cushing's syn-
drome) 1 66, 144 which include impairment of carbo-
hydrate tolerance, weakness and wasting of muscle,
osteoporosis, striation of the skin, bruising tendency,
rounding of the facial contours, acne, hirsutism,
alkalosis, loss of gonadal activity, psychoses and
hypertension.

Cortisone and corticotropin have been observed to
produce striking changes in hematological dyscra-
sias.159' 165 Favorable responses occur initially in
about 50 per cent of patients with acute lymphatic
leukemia, can seldom be repeated in the same patient
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with repeated courses of therapy, and, as with other
hormonal substances, loss of tolerance rapidly ap-
pears after the first or second course of therapy.
To attain therapeutic results in the lymphomas

and leukemias the dosage often must be forced until
at least some part of the Cushing syndrome appears.
Most of this syndrome will regress quickly but often
not completely following discontinuance of the ther-
apy. The appetite which becomes voracious during
corticotropin or cortisone administration will sub-
side promptly upon cessation of treatment. Pro-
longed metabolic changes such as the development
of diabetes mellitus, malignant or benign hyperten-
sion, peptic ulceration, cardiac failure and perma-
nent psychotic changes have not been reported.70
Corticotropin and cortisone may depress the natural
immunological processes in infections, resulting in
enhancement of susceptibility and increased se-
verity.84

6. Para-hydroxy-priopiophenone. This material
has been reported by Buu-Hoi to exert pituitary-like
effects and in clinical trials it is stated to have
brought about temporary remissions in the course of
various neoplastic diseases.41 117 Preliminary trials
with this material (H365) in this country have not
given any indications to date that would confirm the
findings of the French investigators.

VI. BIOLOGIC AND BACTERIAL PRODUCTS

1. Shear's polysaccharide. The occasional regres-
sion of neoplastic lesions following infections and
the administration of Coley's toxin to patients with
advanced neoplastic diseases stimulated interest in
similar biologic products.'08 Shear and co-workers
purified preparations from Bacillus prodigiosus
(Serratia marcescens) and obtained a group of
polysaccharides133 containing phospholipid and ni-
trogen fractions which decreased with greater purifi-
cation. The material was administered intravenously
in doses of 5 to 15 micrograms. Within 45 to' 60
minutes fever, leukocytosis and hypotension oc-
curred, with shock and occasionally death.20 72, 110
Temporary tumor regression was observed occasion-
ally, associated with transient clinical improvement.
Creech and co-workers employed newer polysaccha-
ride preparations with similar results.32 The sub-
stance is pyrogenic in man and produces hemor-
rhages within the tumors of both mice and man. The
effect of the polysaccharides is primarily upon the
vascular supply, related to systemic toxicity, and not
directly upon the tumor cells.2

2. Lymphokentric and myelokentric acids. In
1939, Miller, Wearn and Heinle'05 reported the iso-
lation of crude substances from the urine of leuke-
mic patients which stimulated myelopoiesis and
lymphopoiesis in animals. They named these sub-

stances lymphokentric and myelokentric acids. Eight
patients with lymphoblastic leukemia were treated
with myelokentric acid with equivocal changes and
a suggestion of partial remissions.104 Swan and Zel-
man observed similar phenomena in a patient with
acute lymphoblastic leukemia treated with myelo-
kentric acid.15'

3. Rabies vaccine. Two of twelve patients with
malignant melanoma treated with rabies vaccine had
some regression of metastatic nodules without micro-
scopic cellular alterations."13 A later report68 indi-
cated that eight of thirty patients had definite re-
gression of metastases and the authors felt that the
development of new metastases was also retarded.

VIl. OTHER AGENTS OF RECENT INTEREST

1. Krebiozen. Krebiozen is a substance reported
to be derived from the blood of horses which have
been inoculated with a stimulating material the na-
ture of which has not been disclosed as yet.77 By an-
other process (also undisclosed) approximately 1.0
mg. of a white powder is obtained which is then di-
luted in distilled water for intramuscular administra-
tion. Although it has been specifically stated that
Krebiozen is not antireticular cytotoxic serum (ACS)
the approach is quite similar.'7 Extensive studies on
neoplasms in mice, rats and dogs treated with Kre-
biozen by the Chicago group elicited no objective
evidence of any effect upon these tumors.

Initial investigations upon 22 patients with vari-
ous neoplasms were stated to show decrease in size
of a lymphosarcomatous lesion in the breast of a
52-year-old woman and some decrease in nodes of a
patient with Hodgkin's disease. Changes in the re-
maining 20 patients77 were within the natural varia-
tion of neoplastic illnesses.

In studies in other laboratories on the use of Kre-
biozen in 100 patients with a wide variety of neo-
plastic diseases, no significant alteration in the
course of the disease was noted in 98 cases.31 In the
other two patients transient changes occurred which
were considered significant but within the natural
variation of the specific disease. It must be con-
cluded that the substance termed Krebiozen has not
to date been shown capable of favorably influencing
the neoplastic diseases studied, that the original
claims concerning Krebiozen are without substan-
tiationV1 123, 164 and that the material cannot be
recommended for use as a tumor chemotherapeutic
agent at this time.

2. Antireticular cytotoxic serum (ACS). Bogomo-
lets and his associates'17 101 obtained a material from
the blood of horses following the injection of human
spleen and bone marrow tissue which, they reported,
caused disappearance of metastases in lymph nodes
and prolongation of life in inoperable cancer. The
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substance was termed antireticular cytotoxic serum
(abbreviated to ACS) and was proposed as an ad-
junct in the therapy of cancer to prolong useful life
by causing regression of metastases, alleviation of
pain and increase of appetite.17 In neither clinical
nor animal investigations in this country have such
specific effects been observed upon benign or malig-
nant tumors in mice, rats or man.33' 63, 64, 65, 139

3. K-R: Klyueva-Roskin vaccine. This water sol-
uble. heat-stable endotoxin derived from Trypanos-
oma Cruzi was reported to cause regressions in both
animal and human neoplasms.89 Although a report
by Malisoff'"'O contained favorable implications,
other more intensive studies by Cohen, Borsook and
Dubnoff'9 in vitro and by Hauschka in vivo61 in
mice did not confirm the original claims. No reports
upon this material have appeared recently.

4. Chymotrypsin. Independent clinical investiga-
tions by two groups' 34.162 employing chymotrypsin9'
have failed to confirm the original claims made by
Krebs and co-workers.)) " Serious reactions were
observed in four of ten patients treated over a pro-
tracted period, one of whom almost died following
anaphylactoid reaction to an injection. No further
authentic substantiation of the claims made for this
material have appeared since. Chymotrypsin cannot
be recommended as an effective agent for tumor
chemotherapy.29

4 5 () Sutter Street.
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A Change in VA Report on Patients

VETERANS ADMINISTRATION'S monthly "Statistical Summary of VA Activities"
no longer distinguishes between non-service and service connected patients in
VA hospitals. Previous summaries indicated that approximately two-thirds of
the patients were non-service connected cases, but the current summary gives no
indication what percentage of the 98,517 patients are in this category.-From
the A.M.A. Capitol Clinic.
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